A Gram-reaction-negative bacterial strain, designated F4 T , was isolated from a subsurface sediment core of Qiangtang Basin permafrost in China. Cells were catalase-and oxidasepositive and rods. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain F4
, was isolated from a subsurface sediment core of Qiangtang Basin permafrost in China. Cells were catalase-and oxidasepositive and rods. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain F4
T was a member of the family Hyphomicrobiaceae and was most closely related to members of the genera Pelagibacterium, Vasilyevaea and Devosia with 93.8-96.2 % sequence similarities. The major cellular fatty acids were C 16 : 0 , C 18 : 0 , 11-methyl C 18 : 1 v7c, C 19 : 0 cyclo v8c and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The major respiratory quinone was Q-10 and the major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and two unknown glycolipids. The DNA G+C content was 60.7 mol%. Based on the phenotypic, phylogenetic and genotypic data, strain F4 T is considered to represent a novel species of a new genus in the family Hyphomicrobiaceae, for which the name Youhaiella tibetensis gen. nov., sp. nov. is proposed. The type strain is F4 T (5CGMCC 1.12719 T 5JCM 19854 T ).
The establishment of the family Hyphomicrobiaceae was mainly based on phylogenetic relationships of 16S rRNA gene sequences (Garrity et al., 2005; Lee et al., 2005) . At the time of writing, the family Hyphomicrobiaceae encompassed 18 genera: Ancalomicrobium, Angulomicrobium, Aquabacter, Blastochloris, Cucumibacter, Devosia, Dichotomicrobium, Filomicrobium, Gemmiger, Hyphomicrobium, Maritalea, Methylorhabdus, Pedomicrobium, Pelagibacterium, Prosthecomicrobium, Rhodomicrobium, Rhodoplanes and Seliberia (List of Prokaryotic Names with Standing in Nomenclature; http://www.bacterio.net/).
In September 2012, a bacterial strain, designated F4 T , was isolated from subsurface sediment cores taken from Qiangtang Basin permafrost in China. About 100 g sediment was obtained from the inner part of the sediment core sample and exogenous microbial contamination was eliminated by fluorescent microspheres. The sediment was then separated and ground under liquid nitrogen (SamplePrep 8515; SPEX) (Colwell et al., 1992; Han et al., 2014) . Strain F4
T was isolated and grown aerobically on R2A (DSMZ Medium 830) agar at 25 8C until fully visible colonies were formed, and routinely subcultured under the same culture conditions. The isolate was routinely cultured on R2A and preserved as 15 % (v/v) glycerol suspensions at 280 8C.
The nearly complete 16S rRNA gene sequence (1445 bp) of strain F4 T was obtained as described previously . The 16S rRNA gene sequence of the strain was aligned with published sequences retrieved from the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and GenBank (http://www.ncbi.nlm.nih.gov/). Multiple alignments were performed using the CLUSTAL W program (Thompson et al., 1994) with MEGA version 5.0 (Tamura et al., 2011) . Phylogenetic trees were reconstructed with the maximum-likelihood (Kishino & Hasegawa, 1989) , neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971) methods. Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1980) with bootstrap values based on 1000 replications (Felsenstein, 1985) . Escherichia coli DSM 30083 T was used as an outgroup. of the genera Devosia (93.8-96.2 %), Vasilyevaea (95.7 %), Pelagibacterium (94.5-94.7 %), Maritalea (92.8-93.4 %), Cucumibacter (93.8 %), Methylorhabdus (89.9 %), Blastochloris (90.0-90.7 %), Rhodoplanes as well as Dichotomicrobium (91.5 %). Phylogenetic trees clearly showed the stable position of strain F4
T at the periphery of the genus Devosia with bootstrap values lower than 70 % no matter which algorithm was used. As shown in Fig. 1 , the phylogenetic tree based on the maximum-likelihood algorithm confirmed that the novel strain was a member of the family Hyphomicrobiaceae but distantly associated with the aforementioned genera. The tree suggested strain F4
T formed a monophyletic clade with the genera Pelagibacterium (Xu et al., 2011) and Vasilyevaea (Benjamin et al., 2010) as well as Devosia (Nakagawa et al., 1996) . The overall topology of the maximum-likelihood tree was essentially the same as that of the neighbour-joining tree and maximum-parsimony tree (Figs S1 and S2). The 16S rRNA gene sequence analysis of strain F4
T and relative distance comparison on the phylogenetic tree clearly demonstrated strain F4
T as a representative of a new genus within the family Hyphomicrobiaceae.
Cell morphology was examined by phase-contrast microscopy (BX51; Olympus) and scanning electron microscopy (SU1510; Hitachi). The Gram reaction was carried out according to the classical Gram procedure and anaerobic growth was assessed by the semisolid agar method (Smibert & Krieg, 1994 T were studied on R2A agar plates. Growth of strain F4
T at different temperatures, pH and salt concentrations were studied in R2A broth. The optimum conditions for growth were assessed at different temperatures (4, 10, 15, 20, 25, 28, 30, 34, 37, 42 and 45 8C) and various pH values (the pH range and the optimum pH for growth were examined in R2A broth at 1 pH unit intervals, pH 4.0-12.0, by using the following buffer system: pH 4.0-5.0, 0.1 M citric acid/0.1 M sodium citrate; pH 6.0-8.0, 0.1 M KH 2 PO 4 / 0.1 M NaOH; pH 9.0-10.0, 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 ; pH 11.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH) and salt tolerance (0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 %, w/v, NaCl) . Oxidase and catalase activities were tested using 1 % tetramethyl-p-phenylenediamine (oxidase test strips; bioMérieux) and 3 % H 2 O 2 , respectively. Degradation of starch, casein, gelatin, aesculin and urea was investigated according to the methods of Smibert & Krieg (1994) ; gluconate oxidation, lecithinase and nitrate reduction were assessed according to the methods of Dong & Cai (2001) ; hydrolysis of Tween 80 (Smibert & Krieg, 1994) , denitrification (API 20NE; bioMérieux), VogesProskauer reaction and H 2 S production were tested by the methods of Barrow & Feltham (1993) . Gelatinase, amylase and nitrate reductase activities were determined as described by Hansen & Sørheim (1991) . Susceptibility to antibiotics was tested at 37 8C for 7 days on R2A plates (in triplicate) using antibiotic discs containing the following antibiotics (mg per disc, unless otherwise stated): amikacin (30), ampicillin (10), carbenicillin (100), cefalexin (30), cefazolin (30), cefoperazone (75), cefradine (30), ceftazidime (30), ceftriaxone (30), cefuroxime (30), chloramphenicol (30), ciprofloxacin (5), clindamycin (2), doxycycline (30), erythromycin (15), furazolidone (300), gentamicin (10), imipenem (10), kanamycin (30), midecamycin (30), minocycline (30), neomycin (30), norfloxacin (10), ofloxacin (5), oxacillin (1), penicillin G (10 U), piperacillin (100), polymyxin B (300 U), streptomycin (10), sulfamethoxazole/trimethoprim (23.75/1.25), tetracycline (30) and vancomycin (30). Other physiological and biochemical properties were determined by using the API 20NE, API ZYM and API 50CH (inoculated with cell suspensions in CHB/E medium) kits (bioMérieux), according to the manufacturer's instructions.
Cells were Gram-stain-negative, motile, rod-shaped, 0.9-1.5 mm long60.3-0.7 mm wide. Strain F4
T possessed several polar flagella, but no prostheca. Cell division of strain F4
T was by binary fission (Fig. S3 ). Colonies were white, circular with entire margin and 0.6-1.0 mm in size on R2A agar plates after 3 days. Strain F4
T was found to grow well on the R2A medium, grew poorly on TSBA and MA and did not grow on LB agar. Growth of strain F4
T occurred at 20-42 8C and the optimum temperature for growth was 37 8C. Growth occurred at pH 5.0-9.0, and the optimum pH was 8.0. Salt tolerance for growth of strains F4
T was 0-6.0 % and the optimal salt concentration for growth was 0.5 %. Detailed results of physiological and biochemical analyses are given in the species description and selected characteristics that differentiate strain F4
T from related species of the family Hyphomicrobiaceae are shown in Tables 1 and 2. For chemotaxonomic analyses, organisms were grown in R2A broth in flasks on a rotary shaker (150 r.p.m.) at 37 8C and collected in the late-exponential growth phase. Biomass was harvested by centrifugation, washed twice with distilled water and freeze-dried (Minnikin et al., 1984) . Polar lipids were extracted, separated by twodimensional TLC, and identified according to Minnikin et al. (1984) and da Costa et al. (2011) . The presence of all lipids was confirmed by spraying with 5 % ethanolic molybdophosphoric acid, lipid phosphates by molybdenum blue, amino-group-containing lipids by ninhydrin, glycolipids by a-naphthol/sulfuric acid, a-glycols by periodate-Schiff's reagent and choline-containing phospholipids by Dragendorff's reagent. Analysis of respiratory quinones was performed as described by Zhang et al. (2014) . The fatty acids were analysed by GC (7890A; Agilent Technologies) and identified using the TSBA6 database of the Microbial Identification System (Sasser, 1990) . DNA-DNA hybridization estimations between strain F4 T and 'Paradevosia shaoguanensis' (Geng et al., 2015) was performed by real-time PCR as described by Gonzalez *Data from this study, but reported as negative by Nakagawa et al. (1996) and positive by Yoo et al. (2006) . DData from this study, but reported as positive by Nakagawa et al. (1996) and Rivas et al. (2003) , as well as negative by Vanparys et al. (2005) . dData from this study, but reported as positive by Kumar et al. (2008) . §Data from Xu et al. (2011) . ||Data from Benjamin et al. (2010) . T could be differentiated from those of the four reference strains in that several other polar lipids were either present or absent (Fig. S4) . The predominant quinone of strain F4
T was Q-10 in line with the members of the family Hyphomicrobiaceae (Garrity et al., 2005) . The cellular fatty acid profile of strain F4 T (.1 %) consisted of C 16 : 0 , C 18 : 0 , C 18 : 0 3-OH, C 18 : 1 v9c, 11-methyl C 18 : 1 v7c, C 19 : 0 cyclo v8c, summed feature 5 (C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ) and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The major fatty acids (.10 % of the total fatty acids) detected in strain F4
T were C 16 : 0 , C 18 : 0 , 11-methyl C 18 : 1 v7c, C 19 : 0 cyclo v8c and summed feature 8 (C 18 : 1 v7c and/or C 18:1 v6c) in line with the reference strains, but the abundance of C 18 : 0 and C 19 : 0 cyclo v8c as well as the comparative lack of summed feature 8 clearly distinguished strain F4
T from the type strains Pelagibacterium halotolerans JCM 15775 T , Devosia riboflavina DSM 7230 T , Devosia chinhatensis MTCC 8593 T and V. enhydra JCM 21106 T (Table 3) . Wayne et al. (1987) defined bacterial species as a group of strains (including a type strain) sharing 70 % or greater DNA-DNA relatedness with DT m of 5 8C or lower (Wayne et al., 1987; Vandamme et al., 1996; Roselló -Mora & Amann, 2001) . DTm between the strains F4 T and 'Paradevosia shaoguanensis' we studied was 7.3 8C. This suggests that strain F4
T represents a different species. The DNA G+C content of strain F4 T was 60.7 mol%.
According to its phylogenetic position, strain F4
T was most closely related to the genera Pelagibacterium, Devosia and Vasilyevaea and was clearly different from other genera in the family Hyphomicrobiaceae. Characteristics that differentiate strain F4
T from the related genera in the family Hyphomicrobiaceae are shown in Table 2 . Fatty acids and nitrate reduction were different from the related genera of the family Hyphomicrobiaceae. Besides, division mode and prosthecae are important phenotypic properties of the family Hyphomicrobiaceae. Members of the genus Vasilyevaea are typical prosthecate bacteria with numerous short appendages (Benjamin et al., 2010) , which was remarkably different from strain F4
T . This morphological difference could solidly separate strain F4
T from members of the genus Vasilyevaea. Based on the phylogenic, phenotypic and chemotaxonomic data, it is suggested that strain F4
T represents a novel species of a new genus within the family Hyphomicrobiaceae, for which the name Youhaiella tibetensis gen. nov., sp. nov. is proposed.
Description of Youhaiella gen. nov.
Youhaiella (You.hai.el9la. N.L. fem. dim. n. Youhaiella, named after Professor Youhai Zhu, a Chinese geologist, in recognition of his leadership and contributions to finding gas hydrates in the Qinghai-Tibet plataeu, China.)
Cells are Gram-stain-negative, motile, aerobic and rods. Possess several polar flagella, but no prostheca. Division mode is binary fission. Catalase-and oxidase-positive. The major respiratory quinone is Q-10. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and two unknown glycolipids. The major fatty acids are C 16:0 , C 18:0 , 11-methyl C 18:1 v7c, C 19:0 cyclo v8c and summed feature 8 (C 18:1 v7c and/or C 18:1 v6c) The DNA G+C content of the type strain of the type species is 60.7 mol%. Phylogenetically, the genus Youhaiella is a member of the family Hyphomicrobiaceae in the phylum Proteobacteria. The type species is Youhaiella tibetensis.
Description of Youhaiella tibetensis sp. nov.
Youhaiella tibetensis (ti.bet.en9sis. N.L. fem. adj. tibetensis pertaining to Tibet plateau where the type strain was isolated).
Cells are 0.9-1.5 mm long|0.3-0.7 mm wide as shown in Fig. S3 . Colonies on R2A agar are 0.6.0-1.0 mm in size, circular, entire, smooth and white at 37 uC for 3 days. Conditions for growth are 20-42 uC (optimum 37 uC), pH 5.0-9.0 (optimum pH 8.0) and 0-6.0 % (w/v) NaCl (optimum 0.5 % Reclassification of the polyphyletic genus Prosthecomicrobium to 
